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ABSTRACT
Reproduction, Surviva l and Density of Snowshoe
Hares in Northeastern Utah
by
William R. Clark, Master of Science
Utah State University , 1974
Major Professor: Dr. Michael L. Wolfe
Department: Wildlife Science
This pape r presents information obtained from 1972 and 1973 on the
reprodu c ti o n, survival and density of snowshoe hares (Lepus americanus) in
Cache National Forest, Utah.

The main objectives of the study were: (1) to

estimate popul ation densities; (2) to measure adult and juvenile mortality ; a nd
(3) to measure natality rates , including recruitment (realized annual nata lity).
Li ve-trapping and snaring were used to estimate population le vels and
to collect hares for necropsy.

Fecal pe lle t counts were used to evalua te r e lative

habita t use by hares.
The results of this study were co mpared to other stud ies of snowshoe
hare ecology in No rth Ame ri ca.

Based on the density, survival a nd reprodu ctive

o utput observed, recommendations were made for the management of snows hoe
hare s in Utah.
(88 pages)

INTRODUCTION

The snowshoe hare (Lepus americanus) has long interested population
ecologists because of its "cyclic" population fluctuations.

These wide varia tions

in population density have been linked to a variety of facto r s, including sunspots
and ecosystem di ve rsity (Keith , 1963). The relation ship between stability of
the system and the dive rsity of the environment, is of considerable theoretical
interest.

Most research to date on the population ecology of s nowshoe hares ha s

been condu cted in the center of its range.

Little is known about th e population

charac te ristics and rel a tive stability of hares from the periphery of its range,
particularly its southern extension into the Ro cky Mountains . Some evide nce suggests that in locations along the periphery of the hare's range popula tion flu c tuations are of less amplitude and more random (Chitty , 1950).

Whil e Jitter size

in some mammals has been correlated with latitude and altitude, existing indices
do not support the belief that flu ctuation amplitude is also related to these factor s
(Ke ith , 19 63 ).
From the practical standpoint, the snowshoe hare is an excellent game
a nim al that is hunted over much of its range.
e ven a major source of protein.

In some areas of abun<.lancc it i s

With the increasing <.leman<.l for hunting recre-

ation in Utah, this species could be of cons iderabl e importance.

The Utah Di vi-

sion of Wildlife Resources has considered classifying the snowshoe hare as a
game species but lacks data on hare biology.
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An investigation of the population densities and reproductive biology of
snowshoe hares in northeastern Utah, was undertaken to obta in data for comparison with demographic data from other parts of the hare's range.

Compari-

son of reproductive and density parameters constitutes an initial step toward
understanding the complete demographics of the species throughout its range.
This study had three general objectives: (1) determination of reproductive
potential and realized reproductive output; (2) determination of population density
relative to various habitat types; and (3) determination of adult a nd juvenile survi val.
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STUDY AREA DESCRIPTIONS

Location and Topography

The study was conducted in the Wasatch Mounta ins of northeastern Utah
(lat. 41° 57' N, long, 111° 30' W) during 1972 through 1973 (Figure 1) .

Hares

were live- trapped on two specific sites: North Fork Amazon Hollow a nd South
Sinks, comprising 36 ha (90 acres) to 54 ha (1 34 acres), respec tive ly.
s ites were lo cated within 8 km of each o ther .

Thes e

Hares were co llected for repro-

ductive and age data from additional areas within 16 km of these sites.
Elevation of the two study areas ranges from 2, 230 to 2, 488 m (7, 320 to
8 ,160 ft).

Topography is gentle to steep hill sides w ith deep ravines.

The North

Fork study area is adjacent to U. S. Highw ay 89 and is easily accessible year
round.

South Sink, 6 km from the highw ay, is accessible only under snow-free

conditions.

Long winters with modera te snowfall and variable spring melt- offs cha racterize the climate of the area.

Pr ecipitation averages about 7l e m (28 in c hes)

with approxim ately 7l percent occurring primari ly as snow from October to
April.

January is the co lde st month a nd July is the warmest.
Detaile d weather data from the immediate vicinity of the study area is

lacking.

The nearest weather station is located in Logan 56 km distant, at an
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Figure 1. Schematic map of location of study areas in northeastern Utah.
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elevation of 1, 433 m (4, 775ft).

However, based on weather data from Logan

and observations on the study area, some general comparisons between 1972 and
1973 are possible.

Total snow accumulation between January and April was

greater in 1972 than in 1973, but the melt-off pattern differed considerably.
Mean temperatures, for the period January through May 1972, were higher than
normal, in all months except April, while mean temperatures in 1973 were lower
than normal in spring months (Table 1).

Particularly significant were the very

high March temperatures in 1972 (11 8 percent of normal at Logan), as well as
the significantly higher April temperatures.

Melt-off on the study area was

very rapid in 1972 and only patches of snow in shaded areas remained by 22 May.
In contrast in 1973, the weather was stormy through April and snow-melt was
gradual with snow persisting in shaded areas until 1 June.

Vegetation

The study area lies at the interface between the Engelmann spruce-subalpine fir type and the lodgepole pine community described by Foster (1968).
Specific vegetation on the sites deviates from the typical characteristics for these
types.

A brief description of the study areas is included below. Stem densities

are based on a series of ten 0. 0064 hectare (0. 016 acre) plots sampled in each
habitat type.

Table 1.

Comparison of 1972-1973 spring temperatures to normal spring temperatures, all
recorded at Logan, Utah

Month

Maximum tem(:!eratures (OF)
Normala
1972
1973

Minimum tem(:!eratures (OF)
Normal a
1973
1972

January

32.5

34.6

27.5

15.7

18.6

10.3

February

37.2

40 . 5

32.8

20.2

23.7

16.0

March

46.5

54.9

43 .0

27.0

32.9

27 .3

April

58.5

56.6

53.1

36.0

34.1

33 .5

May

68.0

68.9

68.3

43.7

45.0

45.0

aFo r period 1941-1970

"'
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North Fork Amazon Hollow
Total tree density (greater than 7. 6 em, 3 in, dbh) was 83 0 stems per
hectare . Subalpine fir (Abies lasiocarpa) predominated , comprising 58 percent
of the total stems.

Lodgepole pine (Pinus con torta), aspen (Populus tremuloides)

and Engelmann spruce (Picea engelma nni) accounted for 15, 15, and 12 percent,
respectively, of the remaining overs tory.
m any deadfalls.

The under story was shrubby with

Mountain lover (Pachys ti ma myrsinites) and snowberry (Sympho-

ricarpos oreophilus) were ubiquitous in this type . On the North Fork site, the
understory also included much subalpine fir reproduction, with c hokecherry
(Prunus virginiana) and aspen in the openings (Figure 2).

South Sinks
The total tree density was 783 stems per hectare, with lodgepole pine
comprising 94 percent. Aspen (4 percent) and Douglas fir (Pseudotsuga mens iesi i) (2 percent) were the only other species in the overstory.

Mountain lover

and snow berry are found in the understory, along with limited aspen a nd fir reproduction.

The understory was much more sparse than the subalpine fir habi-

tat of North Fork.

Aspen habitat
An aspen habitat type was also described in the course of the work done
on habitat utilization by the hares. This area is located on Beaver Mountain,
3. 2 km west of North Fork.

Tree density was 1, 390 stems/ hectare , of whi ch

95.5 percent was aspen and 4 . 5 percent lodgepole pine. Along with the lower
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growing mountain lover and snowberry, there were taller shrubs of chokeberry,
serviceberry (Amelanchier alnifolia) and snowbush (Ceanothus velutinus), and
aspen regeneration.
ln all cases the habitats contained many grasses and forbs, as well as
other woody species which the hares utilized for food at times. However,
these are not enumerated here because of their limited cover characteristics.
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ME1HODS

Density Measurements

Field operations
Dates and locations of live-trapping.

Live-trapping was conducted to

collect information on population densities , survival rates and reproduction of
snowshoe hares.

Collapsible, double-door Tomahawk live-traps, measuring

23 x 23 x 104 em, were used.
The main trapping site was on a 42-trap grid on the North Fork study
area.

Six trap lines were established at 100 m (110 yds) intervals, with traps

spaced at 86 m (95 yds) intervals on each line.

Trapping was conducted on 11

days between 2 November and 12 November , 1972, to obtain a fall population
density estimate (462 trap-nights).

Trapping in 1973 was conducted for 12 days

(1-12 April), to obtain a pre-breeding population esti mate for that year (504 trapnights).

During the period 1-11 June 1973, trapping was resumed for 11 days

(462 trap-nights), to gather additional information on density, reproduction and
mortality over the 2 month interval since April.

An additional six traps were

set in coniferous habitat immediately adjacent to the North Fork study area during all census periods to monitor possibl e dispersal from the main trapping site.
Only animals captured on the 42-trap grid were used in the density calculations
for North Fork.
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Live-trapping on the South Sinks area was conducted only to obtain information on relative population levels in a different habitat type.

The transect

lines on the 48-trap grid were spaced 108m (102 yds) along each line . Trapping
continued for 21 days, from 28 September to 19 October, 1972 (1008 trap-nights).
This area was not trapped during 1973.
Live-trapping techniques.

Traps we r e set in natural openings in the vege-

tation within 10m of each grid. point (Figure 3). Traps were frequently moved within
this 10 m radius to minimize habituation to the trap. Apple slices were used as
bait. Traps were checked daily during the morning hours.
Each hare captured was placed in a burlap sack and weighed with a spring
hand scale (Ohaus Model 8004). A numbered aluminum tag with a colored washer
(No. 4-41, National Band and Tag Co ., Newport, Ky.) was placed in each ear.
Hares were examined for sex, age , and reproductive condition prior to release.
Location of the capture on the trap grid was recorded.
Some tag loss was evident, but these individuals were easily identified by
the holes in their ears. In only one case did an individual loose both tags, thus
precluding identification of the animal. Since this animal was not recaptured on
the main study area, density estimates were not affected.

Density estimation from live-trapping
Population estimates were derived from the live-trapping data by several
different methods for compariOS[J. A FORTRAN computer program was writte n
to calculate the basic Schnabel estimate accounting for trap mortality (Overton ,
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Figure 3.

Trap location showing "guide" vegetation and trip sticks.

13
1965).

Confidence limits for density estimates were calculated using the tables

for upper and lower limits of the Schnabel estimator (Chapman and Overton,
1966).
The computer program also was used to calculate population estimates
and confidence intervals based on the "simulated removal" regression technique
described by Marten (1970).

This technique accounts for both removal of ani-

mals and differential trapability.

Additional estimates were calculated by the

maximum likelihood estimator (MLE) method for a geometric distribution as
well as the capture frequency regression method described by Edwards and
Eberhardt (1967). No confidence limits have been published for the latter two
methods.
Snaring dates, techniques, and population estimates.

Since traps were

not available at the outset of the project, initial population estimates were obtained from snaring data on the North Fork study site. Pre-breeding population
estimates were calculated by Overton's (1969) "rate of capture curves" from 35
snares set for 12 days between 23 April and 5 May, 1972. Snaring was discontinued on this area after 5 May, 1972. Snares were set in natural openings in
the vegetation and were unbaited.
Snaring was undoubtedly the most unbiased sampling method employed.
It was also the most successful method during all seasons.

The effect of removal

of a large sample from the population in spring 1972 on breeding biology or population estimates for the North Fork is unknown.

Breeding estimates for sub-

sequent litters in 1972 were taken from other areas to avoid biases.

14

Mortalty

Age criteria
Determination of the age structure was prerequisite to calc ulation of
adult mortality rates, which were used in the estimation of natality rates.

Age

structure of the fall population was determined from eye-lens weights and external examination of live-trapped hares. Meslow and Keith (1968) found that the
age structure in Alberta snowshoe hare populations had stabilized by October.
In this study 37 hares were collected by snaring and shooting between 13 and 30
November, 1972. Both eyes were removed immediately and stored in 10 percent
formalin to prevent decomposition (Montgomery, 1963). Lenses were excised
a nd oven dried at 80° C for 3 days before weighing.

Due to variation in lens

weights this method of age determination is reliable only for separating youngof-the-year from adults (Rongstad, 1966). A frequency histogram of lens
weights was plotted to separate the age classes.

A distinct break occurs be-

tween the lens weights of juveniles and adults in cottontails using this method
(Edwards, 1962).
An a ttempt was made to increase sample size for the age structure
estimates by the inclusion of all hares caught during the fall live trapping
periods (1 October- 10 November, 1972). These animals were aged, based o n
size and form of the genital organs and mammary glands, as described by
Keith et al. (1968). Juvenile males have a penis which is short and blunt when
compared to adults.

Juvenile and adult females were separated on the basis of

teat length . Adults had teats at least 4 mm long while juveniles' teats were
shorter.
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Age structure was broken down only into juveniles (young-of-the-year)
and adults.

The percentage of adults in the samples was assumed to be indicative

of that parameter in the population. Density estimates from the study areas were
used to derive the number of adults that survived the entire breeding season
(Stoddart 1972). Survival rates were then calculated by comparing the spring and
fall adult population estimates and solving forM in Ricker's (1958) formula:

where:

M = overall mortality rate
m
monthly rate
n = number of months

Natality Measurement s

Field collections
Adult snowshoe hares were collected during each breeding season (approximately April through August) in 1972 a nd 1973 . In 1972, samples were
collected continuously from February until August to determine precisely when
breeding activity commenced and the timing of litters throughout the season.
The earliest conceptions occurred in late March and subsequently three synchronized litter groups were produced. Therefore, in 1973 collecting was delayed until 10 April.
An effort was made to collect hares during the 10 day period in the middie of each gestation period, tc avoid collecting females in the pre- implantation
stage of pregnancy (the first 7-8 days of pregnancy, Dodds, 1965).

However, since

samples of 20 females per gestation period were desired, the 10 day period was
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extended for the second and third litter samples. Timing of collections was
relatively important since it affected the calcu lations of pregnancy rates.
A total of 215 hares were collected during the course of the study for
breeding data . The number of females in a given sub--sample varied from 8 to
20 and a total of 95 females were collected during 1972-73. A grand total of 252
hares were collected during the study.
Hares were collected primarily by snaring.

Snares made from 56 em

22 in) lengths of braided picture wire were set in coniferous habitats from 0. 5
to 16 km from the main study sites. Some hares were collected by shooting at
night along roads. Road-killed hares were also salvaged whenever possible.

Gross necropsies
Gross necropsies were performed on fresh specimens or they were
frozen and dissected later. Whole and paunched weights were taken at the time
of necropsy and a brief examination for parasites was made.

In the case of male

specimens, position of the testes and appearance of the penis was noted.

Testes

were then removed , the tail of the epididymis was sliced open and the presence
or absence of sperm noted.

Testes were stored in 10 percent formalin and sub-

sequently weighed to the nearest 0. 01 gram.
Females were examined for reproductive conditi on , including the condition of the uterus, visible embryos, and the condition of the mammary glands.
Reproductive tract8 from the first gestation pericd samples were removed in
their entirety and stored in 10 percent formalin.

Those from subsequent samples

were examined for placental scars before storage since it has been shown that
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scars fade after storage in formalin (Davis and Emlen, 1948). Since the persistence of placental scars is variable they were not used as an indicator of
litter size.

However, they may be used as an indicator of immediately prior

pregnancies, since they do not accumulate in rabbits (Brambell, 1948).

Laboratory analysis
Ovarian analysis. After fixation in 10 percent formalin for approximately
three weeks, ovaries were weighed to the nearest 0. 01 gram.
were taken on a Sartorius electronic balance.

All organ weights

Care was taken to maintain the

identity of each ovary wbich was subsequently sectioned in 1 mm slices in booklike fashion.

Gross ovarian structures were examined with the aid of a hand lense.

Corpora lutea counts were used to estimate ovulation rates . In snowshoes,
corpora lutea are identifiable I day after conception and persist throughout pregnancy (Newson, 1964).

Corpora lutea appeared as firm pinkish structures, from

2 to 5 mm in diameter.

Corpora albicantia persist throughout the next pregnancy

(Lechleitner , 1959, Newson, 1964) but are easily distinguishable from corpora
lutea by their smaller size , yellowish color and irregular outline.

Only the

corpora lutea were used to estimate ovulation rates.
Brambell (1948) points out that error in ovulation-rate calculations from
corpus luteum counts can result from multiple ovulations from a single follicle
or from the presence of corpora lutea atretica.

Newson (1964) described corpora

lutea atretica in snowshoe hares as being considerably smaller than the corpora
lutea vera and lacking a distinct ovulation point.

In the present study difficulty in

distinguishing these structures occurred only once where there was considerable
overlap in the size of the corpora. In two other cases dark structures were found
in the ovaries which proved to be folli cles filled with blood.
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Uterine and fetal analyses
Uteri were first examined externally for gestation sacs, since frequently
smaller than average gestation sacs indicated a resorbing embryo.

Each horn

was cut and the viable embryos removed. The condition of resorbing embryos
was noted. Resorbing embryos were usually in an advanced stage of resorbtion
and were of distinctly different color and firmness from viable embryos. Each
viable embryo was weighed to the nearest 0. 01 gram and measured (crown-rump)

to the nearest millimeter. Average measurements for the litter were calculated
and morphological characteristics were recorded.
The age of the litter was determined from the length and weight growth
curves and morphological descriptions for prenatal snowshoe hares published
by Bookout (1964) . The conception date of the litter was determined by backdating from the collection date.

Parturition dates were determined by adding

the average gestation period of 37 days (Severaid, 1942) to the calculated conception date.
Pre-implantation pregnancy.

Pregnancy classific ation of females with

fresh corpora lutea and no visibly implanted fetuses, is uncertain. Such animals
may be: (1) in the pre-implantation stage of pregnancy, (2) pseudopregnant, or
(3) completing a whole litter resorbtion (Lechleitner, 1959).

Pseudopregnancy

occurs infrequently in rabbits and hares (Wight and Conaway, 1962, Newson, 1964).
Whole litter resorbtions after implantation may occur frequently, but they can
usually be detected by examination of the uterus (Lechleitner, 1959). Pre-implantation pregnancy and loss of whole litters before implantation were difficult to
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distinguish. Based on the time of collection and uterine and ovarian characteristics, all such ambiguous females were classed as pre-implantation pregnant
(see Results).

Evaluation of Habitat Use

Fecal pellet counts were used to provide a relative measure of habitat
preference. Pellet counts have been used for habitat evaluation for snowshoe
hares (Adams, 1959), as well as for cottontails (Sylvilagus ~-) by Hendrickson
(1939), black-tailed jack rabbits (Lepus californicus) by Arnold and Reynolds
(1943), and Westoby and Wagner (1973), and for European rabbits (Oryctolagus
~niculus)

by Taylor and Williams (1956).

A completely balanced nested experimental design was selected to sample
the three habitat types described earlier. Four transects (27 m apart) were
placed in each habitat with 10 stations approximately 9 m apart, with two plots
(7 6 em radius) at each station.

Observations were made simultaneously for all

three habitats, 240 observations in total for each replicate, by Forest Science
students from Utah State University.

The entire experiment was replicated five

times, on 21, 26, and 29 June, 1972, and 27 June and 6 July, 1973.
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RESULTS

Population Density

Density estimation
comparisons and
simulations
Prior to calculating actual estimates of hare numbers, an effort was made
to determine the best method of estimation for these data.
of captures are plotted in Figure 4.

Frequency distribution

In all cases the capture frequency describes

a decreasing function when numbers of captures is plotted against frequency.

If

captures occur randomly capture frequencies should describe a Poisson distribution (Eberhardt et al., 1963). Keith and Meslow (1968) found this to be true for
snowshoe hares, when traps were moved often and recaptures were made at a
sufficient interval. Eberhardt et al. (1963) noted that capture frequencies for
cottontails were closely represented by a geometric distribution.

Two density

estimation techniques that are based on the geometric distribution were suggested
by Edwards and Eberhardt (1967). Linear regression of the logarithm of capture
frequency, or the maximum likelihood estimator method (MLE) give satisfactory
results when capture frequency fits a geometric distribution.
In this study capture frequency did not appear to be completely at random.
Therefore, the goodness of fit to a geom e tric distribution was tested.

Chi square

analysis of the frequency data for November, 1972 show a good fit to
expected frequency for MLE (X

2

= 8. 60,

P > . 05, df = 7) but a poor fit to the
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linear regression model

(x?-

= 16. 75, P >. 05, df = 7).

1973 show a closer relationship for linear regression
df = 6) and MLE

(x?-

= 2. 77, P >. 05, df = 6) .

was the best; for the linear regression model
for the MLE model

(x?-

(x?-

(x?-

The data for April,
= 13. 70, P > . 05,

The fit of the June, 1973 data
= 1. 70 , P > . 05, df = 4) and

= 0. 354, P > . 05, df = 4).

Edwards and Eberhardt

(1967) point out that the MLE may tend to ove r e s timate the population so the linear regression model seems preferable to the MLE since it is more conservative.
Clearly capture frequencies in the present study were not random and are
probably best approximated by a geometric distribution.

The major drawback of

the linear regression method is that confidence limits have not been published.
Two additional techniques, the Schnabel method (after Overton, 1969) and Marten's
(1970) regression technique were also calculated for comparison.
Table 2 shows tbe live-trap estimates for all trapping periods for the
North Fork area. As noted by other r e searchers (Edwards and Eberhardt,
1967, Marten, 1970), the Schnabel estimate is cons iste ntly lower than other
estimates. This is due to "trap-happy" animals which are over-represented in
the sample causing an underestimate of the population. The Marten estimate by
contrast, is not consistent, being sometimes higher than the other methods and
sometimes lower.
The precision of the estimate as measured by the width of the confidence
intervals is of importance in determining the usefulness of an estimator. A number of computer simUlations were made based on a population of 30 animals.
Estimates derived from both the Schnabel and Marten techniques were close to

Table 2.

Comparison of results obtained by various population estimation methods used on North Fork
live-trapping dataa

Ref. b

Method

Nov. , 1972 (74)

1.

Adjusted Schnabel

24. 1

2.

Marten Regression

31.2:-28.7

3.

MLE of geometric
distribution

30.0

4.

Regression of geometric
distribution

27.2

.:t

7. 1c

---

---

April, 1973(92)

June, 1973 (19)

33.6:- 9.2

15.5

=79.2

39. 2:-30.4

10.6

.:t 14.9

---

26.1

36.1_ _ _

21.4

40.9

aTotal captures in parentheses.
b

1.

after Overton (1969); 2.

Marten (1970) ; 3, 4.

Edwards and Eberhardt (1967).

c95 percent confidence intervals .

"'"'
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the actual population number (in all cases within 30 i 2).

Figures 5 and 6 are

plots of the width of the confidence intervals versus the mean number of captures
for Marten and Schnabel estimates respectively.

For small sample sizes the

Marten estimate has confidence limits so wide as to be useless in precisely defining an estimate.

As recaptures increase the confidence limits become pro-

gressively narrow and this method might then be preferable to the others mentioned above.
The plot of the Schnabel estimate shows a distinct minimum in the middle
r a nge of captures but is much more variable at low and high capture frequency.
Although the confidence interval is narrow, it may not include the true value of
the population number since it probably underestimates the population.
In the final analysis, log linear regression is the best method to apply to
these capture data.
this method.

The data fit the requisite distribution and assumptions for

All subsequent population estimates or calculations involving

population density are based on the linear regression model.

Where applicable,

Schnabel estimates will be included so that confidence limits are available.
The estimate from the catch-per-unit-effort curve (Figure 7) obtained
from snaring in April 1972 on North Fork agrees well with the live-trap estimates .
Linear regression was used to calculate the estimate of 27.8 hares (0. 77 hares/
ha or 197. 1/sq mi) from the rate-of-capture curve. The estimate for North Fork
in April 1973 is 36. 1 hares (1. 00 hares/ ha or 256.0 hares/sq mi).

The 1973 to

1972 estimates are comparable showing a discrepancy of only 29 percent.
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The rate-of-capture curve method is also consistent as can be seen from
the April 1972 data for an area of coniferous habi tat in Stump Hollow (24 ha, 60
acres).

The calculated e stimate for this area is 19.8 hares (0. 82 hares/ ha or

209.9 hares/ sq mi). This density agrees closely with the estimate obtained for
North Fork at the same time

(~ = 0. 83,

p > . 05 , df

= 1).

There is little reason

to expect dramatic differences between estimates on simi.lar areas . The snaring
estimates are considered to be compar able to the live-trap estimates.

Density estimates
The estimated density of hares during 1972-73, on the North Fork area is
shown in Tabl e 3. No estimate is available for fall of 1973 since live trapping had
been terminated by that time .

Hare density on the South Sinks area in October,

1972 was 0. 52 hares / ha (133 hares/sq mi).

The lower es timate for South Sinks

is due in part to lower trapability of hares before snowfall.

However, the quality

of the habitat here is poorer and supports fewer hares.
Hare density changed very littl e from spring to fall, 1972 , although
changes in the age structure did occur. Indeed hares increased from fall 1972
to spring 1973, on the North Fork. Disper sal of hares into the a rea is one
plausible explanation for this increase.

At the outset of the study, dispersal into

the area was considered to be minimal.

However, som e unusual movements were

noticed during live trapping. One male hare tagged on North Fork was snared
across the highway , 1. 6 km from the initial capture site. Bider (1961) reported
that hares would move across open fields between areas of dense cover as much
as 420 m (1 , 400 ft) . Movements into the densest coniferous cover in winte r were
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Table 3 . Density estimates for North Fork study area calculated by regression method for a geometric distribution (Edwards and
Eberhardt, 1967)
November

Year

April

1972

0. 77 hares/ ha

0. 75 hares/ ha

(197 .1/ sq mi)

(192. 0/sq mi)

1973

1. 00 hares/ ha
(256. 0/ sq mi)
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common. O'Farrell (1965) found hares would move as much as 330m (1,100 ft)
in winter during normal activity.

Meslow and Keith (1968) concluded that mass

movements did not occur, nor did differential ingress of untagged hares, which
tends to inflate population estimates.
Differential trap success might also explain the higher spring, 1973
estimates but marked differences in trapability were not apparent.

The number

of different hares trapped per 100 trap nights of 4.35 in 1973, is not significantly
different from the 1972 figure of 3. 50

~ = o. 21,

p >. 05, df = 1). Since changes

in trap success were not great, dispersal must have been of some consequence in
affecting population estimates.
The densities in the Wasatch Mountains of Utah are quite similar to other
parts of the snowshoe hare's range . Pre-breeding density of hares in 1972-73
varied from 0. 77 hares/ha (197/sq mi) to 1. 00 hares/ha (256/sq. mi). Dol beer
(1972) measured minimum spring densities of 0. 779 hares/ha (200/sq mi) in predominantly spruce-fir forests in Colorado.

Meslow and Keith (1968) reported

pre-breeding densities of a cyclic population over 6 years in Alberta ranging from
2.42 hares / ha (622/sq mi) in near-peak years to 0.066 hares/ha (17/sq mi) at
the low point of the cycle. Green and Evans (1940a) estimated peak density in
Minnesota at 1. 95 hares/ha (500/sq mi).

Adult survival rates
Mortality rates are important for adjusting the potential reproductive
productivity of females during the breeding season.

Six-month survival rates

(April to November) were estimated from the density estimates and the population
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age structure in the fall.

Figure 8 shows the distribution of lens weights in a

sample of 37 hares collected during October 1972. Heavier lens weights were
used since these showed smallest variance. Keith e t al. (196 8) calculated a regression relationship for lens weight and age that was used to separate young-ofthe-year and adults.

Barring very exceptional growth, it is impossible for a

young hare to have eye lens weights greater than 200 mg.

Twelve of the hares

sampled were adults; thus the population was 32.4 percent adults.
At the same time the percentage of adults in live-trap samples was 20. 7.
A chi-square test

(~

= 4. 24,

p <. 05,

between snare live-trap samples.

df = 1) revealed a significant difference

Eberhardt et al. (1963) point out that juveniles

are often over-represented in live- trap samples of cottontails.
(1968) contend that this is not the case for snowshoes.

Keith and Meslow

There exists sufficient

doubt about live-trap samples that these data are not considered to be representative of the true population age structure.
The 32.4 percent fall adult ratio, and the population estimate of 27.2
hares on North Fork yields a fall population of 8. 8 adult hares in this area.
This represents a 31. 8 percent survival over 6 months, or a 0. 83 monthly
survival rate, assuming a constant rate over the interval (Figure 9).
In 1973 the population was censused in April and June allowing direc t calculation of monthly adult survival. The monthly survival rate April to November,
1973 , is 0. 77, or 20.0 percent survival over 6 months (Figure 10).
On an annual basis the calculated adult survival rates are considerably
lower than those of other localities. When the rates measured over the breeding
seaso n are extrapolated to annual rates for 1972 and 1973, they are 0. 04 and 0.10
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respectively.

Meslow and Keith (1968) found somewhat higher rates (0. 13-0. 22)

in 3 years of hare population decline in Alberta. Adams (1959) reported 0. 22 in
Montana; Green and Evans (1940b) reported 0. 28-0. 36 in Minnesota, and Wood
(personal communication) found rates of 0. 35-0.37 in the Maritime provinces,
all in declining populations.

Dolbeer (1972) found 0. 43-0.58 annual survival in

stable populations in Colorado.

Numerical trends
The population of the North Fork is known to have remained fairly constant
from April , 1972 through June, 1973 (see Table 3).

Since live-trapping was not

conducted in aspen and brush habitats, the degree of population variation in
such marginal areas is not known.

Trap and snare success were comparable

from year to year supporting the hypothesis that numbers did indeed show little
change. As noted above, trap success in 1972 and 1973 was 3. 50 and 4. 35
respectively. Snaring success in spring breeding collections was also alike for
the two years; 1. 63 hares per 100 snare-nights in 1972 , and 1.43 in 1973
. 025, p > 0. 5, df

=

1).

~

Subjective observations of tracks in winter in dense

habitats, a nd the summer pellet plot counts revealed no detectable year-toyear changes in population numbers.

Reproductive Biology

Sex ratios
Adult sex ratios in breeding samples in 1972-1973 did not differ from
equality on an annual basis (Table 4).

Males predominated in all the samples,
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Table 4.

Breeding season sex ratios of adult snowshoe hares snared in
Cache National Forest, Utah 11

Sample no.

Percent males
1972

1973

Totals

l (May)

58 (43)

55 (45)

57 (88)

2 (June)

57 (42)

54 (41)

55 (83)

3 (July)

58 (19)

52 (25)

55 (44)

58 (104)b

54 (111) c

56 (215)d

Totals

aSample sizes in parentheses
b
x2 ; 1. 235 (P > . 05)

CX 2 ; 0. 407 (P > . 05)

~2 ~

0. 116 (P > • 05)
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however, Bider (1961) stated that the daily range of males increases over that of
females during the breeding season.

This could make the males more susceptible

to capture at this time of year (Meslow and Keith, 1968).
Rowan and Keith (1956) reported a sex ratio change from an initial preponderance of females to approximate unity during a decline in Alberta. Later,
Meslow and Keith (1968) found even sex ratios in all but one year during a period
of decline and subsequent recovery.

Newson a nd DeVos (1964) found no significant

change from an even sex ratio over a 3-year decline in Ontario.

Dolbeer (1972)

found an even sex ratio in Colorado Rockies snowshoe hare population. All of the
above results were from breeding season collections.

Both Dodds (1965) and

Wood (personal communication) observed sex ratios favoring males in the Maritime provinces of Canada in live-trapping conducted during summer.

However,

their data are inconclusive because the imbala nce is probably a result of sampling
bias.

Breeding chronology
First litter conceptions. Initiation of the breeding season, as evidenced
by first litter conception periods, was later in 1973 than in 1972. The mean date
of first conceptions in 1972 was 10 April, while the corresponding date in 1973
was 21 April (Figure 11).
Onset of breeding in Utah is slightly late r tha n most other places within
the snowshoe hare's range (see Table 12).

The slightl y later dates are probably

due to the spring weather conditions in the mountainous habita t of this location.
Snow melt-off normally occurs in mid- to late-April.

This is comparable
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to the time of snow melt-off in the extremes of the hare's range in Alaska (65°N), where snow melt-off generally occurs about mid-April (Trapp, 1962).
Dolbeer (1972) indicated that the late first conception dates in Colorado are
probably related to the persistence of snow until mid-May.

Duff (1965) also

corroborated the somewhat late initiation of breeding in Utah.

He examined 18

pregnant females collected in May in Cache National Forest and estimated that
21 April was the average conception date.
In studies of cottontail rabbits (Sylvilagus floridanus), Wight and Conway
(1961) and Conaway and Wight (1962), concluded that photoperiod was the overall
synchronizing stimulus for breeding.

However , they noted that heavy snowfalls

or prolonged cold periods delayed the onset of breeding.

Me slow and Keith (1971)

found that mid-winter illumination, as measured by cloud cover, showed a highly
significant correlation with the onset of snowshoe breeding the following spring in
Alberta.
Data from the present study also indicate that spring weather influences
the onset of breeding.

The spring of 1973 was cooler and snow persisted longer

on the study areas, delaying the growth of new green vegetation.

The onset of

breeding was delayed about 10 days in 1973, corresponding fairly closely with
the initiation of rapid snow- melt.

With only 2 years of breeding data such con-

clusions are tentative but other studies do support the hypothesis.
Annual number of litter groups. An average of more than two litters
were produced in both 1972 and 1973. In 1972, 50 percent of the eight femal e
hares sampled during July and August were pregnant with what was determined
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to be third conceptions.

Total production was 2. 44 litters during the 1972 breed-

ing season.
In 1973 only 25 percent of the 12 females sampled during July and August
were pregnant. Total production in 1973 was 2.20 litters.
Meslow and Keith (1968) postulated that termination of the breeding
season is contingent upon testicular regression in the males. Bookout (1965)
and Dodds (1965) utilized spermatogenesis and sperm content in the cauda epididymis as indices to reproductive capability in snowshoes.

However, the cauda

epididymis is known to store sperm well after spermatogenesis has ceased with
testicular regression (Lechleitner , 1959).
In neither year of the present study were hares collected that had conceived later than 10 July.

Mid-July probably represents the limit of mating

activity in Utah. Sample sizes of males collected in July and August are too
small to draw conclusions about the exact time of testicular regression.

However,

it is during this period that regression of testicular ac tivity is occurring as
evidenced by testicular weights (Figure 12).

No cause and effect r elationship

between testicular regression and cessation of breeding is implied. Regardless
of the exact mechanism controlling the termination of breeding, the breeding
chronology data indicate that if a second litter is not born by early July, a third
litter is unlikely .
Breeding synchrony.

Conception of all litter groups in any 1 year is

highly synchronized within the population.
lapped (see Figure 11).

None of the conception periods over-

The synchronization of the first conceptions is largely

responsible for the synchrony observed throughout the breeding season. Severaid
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(1942) and Meslow and Keith (1968) have shown that immediate post-partum breeding normally occurs. In the present study the average interval between average
conception dates was 39. 5 days, which corresponds closely with the 37-day
gestation period determined for captive hares by Severaid (1942).

MacLulich

(1937), Newson (1964), Bookout (1965) and Dolbeer (1972) also found grouping of
litters subsequent to the first.

This result differs from those of Adams (1959)

and Dodds (1965) whose data did not indicate a high degree of synchrony.

Natality rates
Pregnancy rates.

Pregnancy rates were calculated on a per-litter basis

from the samples collected during each gestation period.

Pregnancy rates during

the first two gestation periods approached 100 percent in 1972-1973 (Table 5).
Dolbeer (1972) assumed that hares collected early in a conception period would
be bred later.

He therefore calculated 100 percent pregnancy rates for the first

two gestation periods each year.
In 1972, 94 percent of the 18 females collected during the first gestation
period were pregnant. The only non-pregnant female was collected 3 days after
the mean conception date for the litter and had no corpora lutea or fetuses.

This

female might have been bred if she remained in the population yielding 100 percent pregnancy for the first litter period.

The 94 percent pregnancy rate is

preferable since it is more conservative.

All 18 females collected during the

second litter gestation period were pregnant. As noted earlier, 50 percent of the
females conceived third litters in 1972.
Pregnancy rates in 1973 were similar to 1972. Only one of the 19 females
collecte d during the first Jitter gestation period was not pregnant, yielding a 95
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Table 5.

Pregnancy rates for female snowshoe hares collected on the
Cache National Forest, Utaha
Pregnancy rates
1973

Litter group

1972

1

0. 94 (18)

0. 95 (19)

2

1. 00 (18)

1. 00 (19)

3

0. 50 (8)

0. 25 (12)

Totals

2. 44 (44)

2. 20 (50)

aSample sizes in parentheses

44
percent pregnancy rate.

The second gestation period pregnancy rate was again

100 percent, but the third litter rate dropped to only 25 percent. Analysis of live
trapping data for the 1973 breeding season also indicate a high pregnancy rate
ea rly in the season. All females trapped during May and June were either pregnant and/or lactating.
Other studies on snowshoe hares have also indicated a high pregnancy
rate during the first two gestation periods, the rate decreasing thereafter.

Mes-

low and Keith (1968) in Alberta and Dodds (1965) in Newfoundland estimated
pregnancy rates of 95-96 percent for adult females during the gestation of first
and second litters.

1n Ontario, Newson (1964) estimated a pregnancy rate of 95

percent for the first litter gestation period but found that the pregnancy rate
declined during gestation of the second litter.
Ovulation rates.

Ovulation rate is defined as the number of ova shed per

female per conception period . Analysis of ovulation rates derived from corpora
lutea counts indicate that ovulation rates in crease during the breeding season.
First litters were compared to subsequent litters (second and third combined),
because only three sets of ovaries from females with third litters in each year
were available for analysis.

One-way analysis of varia nce showed that ovulation

rates for first litters (3. 97) are significantly lower (P > . 001) than for subsequent
litters (6. 49~ over both years of the study (Table fi).

No significant differences

were found among ovulation rates for different years.
Corpora lute a counts were significantly correlated with maternal body
weights when data for the 2 years were pool ed (r

2

~ o. 55, P

> . 01, N = 55) .
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Table 6. Average ovulation rates for snowshoe bares in Utah; corpora lutea counts
and analysis of variance of the dataa
Numoer or Cor~ra
Litter grou(!
Totals
First
Subsequent

± . 33

1972

3. 59 ± • 29 (17)

6. 62 ± . 31 (21)

5. 26

1973

4. 33 ± • 24 (18)

6. 36 ± • 26 (22)

5. 45 ± . 24 (40)

3. 97 :!: . 19 (35)

6. 49

± . 20

5.36 ± .20 (78)

Totals

(43)

(38)

Analj'sis of variance
Source

df

Years

0. 68

122.23

122.23

4. 88

4.88

74

112.87

1. 53

77

239.95

YXL

Totals

MS

0.68

Litters

Obs (YXL)

ss

F

NS
50
3.19

aSample sizes in parentheses; confidence limits represent:!: S. E.
***Significant at p <. 001

***
NS

46
Increasing ovulation rates with increasing body weights may actually be a function
of age since mean body weights have been shown to increase with age (Newson and
deVos, 1964). Slowly increasing ovarian function, from the winter anestrus
period (Sadleir, 1969), may also be involved in the increase in ovulation rates
for litters subsequent to the first.

Both Newson (1964) and Dolbeer (1972) found

a similar relationship between maternal body weights and ovulation rates in snow. shoe hares .
Changes in ovulation rates as the breeding season progresses have been
well documented in the literabJre.

Watson (1957) found a definite peak in ovulation

rates of European rabbits in New Zealand.

Conaway eta! (1963) documented the

phenomenon in cottontails in Missouri , as did Stoddart (1972) for b!acktailed
jackrabbits in Utah.

Meslow and Keith (1968) found not only great ovulation rates

in second and later litters for snowshoe hares in Alberta, but also noted yearly
changes in the ovulation rates which they postulated were involved in cyclic
changes in hare numbers.
Pre-natal mortality rate._ A reasonable estimate of prenatal mortality
can be made by comparing the number of corpora lutea in the ovaries with the
number of embryos.

Brambell (194 R) pointed out two major errors that can

result from this method.

Only mortality which occurs up to the particular gesta-

tion stage at which the female was autopsied is detected.

No furth e r los s is

possible. Secondly, females that have completed whole-litter resorbtions a re
classified as non-pregnant, thus the loss of these fetuses is not included in prenatal mortality and estimates are biased downward.
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Newson (1964) found that almost all intra-uterine loss in snowshoe hares,
including whole-litter resorbtions, occurred by mid-term . Brambell (1944) a lso
found this to be true for the European rabbit.

Therefore to minimize the first

source of error, only litters past mid-term (18 days) were used to estimate prenatal mortality.
Pre-natal mortality can occur either (1) before implantation of the ovum,
estimated by comparing the number of corpora lutea and implantation sites, or
(2) after implantation, estimated by the difference in the number of viable fetuses
and the number of implantation sites (Table 7).

Pre-implantation losses (6. 2-7. 1

percent) were greater than post-implantation losses (1. 6-3 . 8 percent) in both
years.

Total pre-natal mortality ranged from 7. 7 to 10.7 percent of the ova

shed in 1972 and 1973, respectively.
These results are similar to findings of other studies on lagomorpha.
Newson (1964) found total pre-natal mortality to range from 7. 8 to 9. 2 percent
for two populations of snowshoe hares in Ontario. Dolbeer (1972) found the prenatal mortality rate to vary from 6. 8 to 10.9 percent in Colorado snowshoe hares.
Lechleitner (1959) and Stoddart (1972) reported pre-implantation losses for the
black-tailed jackrabbit of 6. 7 and 8. 0 percent and post-implantation rates of 6. 2
and 3.0 percent respec tively.

Brambell (1948) estimated pre-implantation losses

in the European rabbit to be about 9 percent and post-implantation losses to be
about 7 percent.
The results of the present study must be considered minimum estimates
of total pre-natal mortality since the effect of total litter resorbtions on these rates

Table 7.

Pre-implantation, post-implantation losses, and total pre-natal mortality for snowshoe hares in Utaha
No.
corpora
lutea

No.
implantation
sites

No.
viable
fetuses

Percent
pre-implantation
loss

Percent
post-implantation
loss

Total percent
loss of
ova

Year

No.
litters

1972

14

65

61

60

6.2

1.6

7.7

1973

15

8-!

78

75

7. 1

3.8

10.7

29

1-!9

139

135

6.7

2.9

9.4

Total

a Only litters older than 18 days included.

...

00
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is not known.

Meslow and Keith (1968) stated that resorbtions of whole litters

were rare in snowshoe hares in Alberta but offer ed no estimates of the rates to
support that conten tion.

Contrarily, Newson (1964) estimated that 20 pe r ce nt of

the litters wer e complete ly resorbed by mid-pregnancy in one population of
snowshoe hares in Ontario , with 26 percent of the litter s showing some resorbtions.
In the present study 31 per cent of the litters showed some resorbtions but
whole litter resorbtio ns were not considered to be of great significance. If extensive losses of whole litters near mid-term were occurring , some such litters
would have been found in the collections. Only one female positive ly a nd one
probable of the total of 95 collected were judged to be resorbing whole litters .
Thus the magnitude of such losses would be 2 percent at most.

Moreover, if such

losses were occurring, synchrony of breedi ng would have been disrupted, which
was not the case in either year.

\Vhile variable, in general, whole litter resorb-

tions are less common in this spec ies than in other lagomorpha and thei r effect
on pre-natal mortality estimates is considered minimal.
Litter size. Litter size is defined as the number of viable fe tuses per female per ges tation period . Average litter sizes followed a pattern s imilar to the
ovulation r ates when the number of viable fetuses were subjected to one-way
a nalys is of variance (Table 8).

First litters (3. 56) were significantly smaller

(p < . 001) than later litters (5. 91) for both years combined.

No significant yearly

d iffer ences were found . How ever, the range of Jitter-sizes varied from year to
year . For exampl e, in 1972 the range of second litters was 1-9, while in 1973,
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Table 8. Average litter size of snowshoe hares in Utah and the analysis of
variance of the dataa
Number of Fetuses
Litter group
Subsequent

First

Totals

1972

3.19:!: .25 (16)

5. 95:!: .40 (21)

4. 76:!: .34 (37)

1973

3.94:!:.25(16)

5. 86 :!: . 23 (22)

5. 05 :!: . 23 (38)

3. 56 :!: . 18 (32)

5. 91 :!: . 22 (43)

4.91:!: .20 (75)

Totals

Analysis of variance

Source

df

Years
Litters
YXL

Obs (Y XL)
Total

ss

MS

1. 64

1.64

100.85

100.85

2.94

2.94

71

120.92

74

226.35

F
NS
50
1. 73

aSample sizes in parentheses; confidence limits represent:!: S. E.
***Significant at p < . 001.

***
NS
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the range of second litters was only 5-8. The maximum litter size of nine for
Utah is comparable to other parts of the hares range. Keith et al. (1966) also
found litters as large as nine in Alberta populations of snowshoe hares.
Annual natality rate.

The potential annual natality rate is defined as the

average production of young by females surviving the entire breeding season.
This rate is calculated by multiplying the total number of litters produced each
year by the average litter size for that year (Tables 5 and 8). Potential annual
natality was 11. 61 young per female in 1972 and 11. 11 young per female in 1973.
A more useM parameter is the realized annual natality which is the
number of young produced by a female, allowing for adult mortality during the
breeding season. This is an estimate of the number of juveniles per female
actually recruited into the population.

Calculation of realized natality for 1972

and 1973 is shown in Table 9. Adult monthly survival rates used are 0. 83 for
1972 and 0. 77 for 1973 (see Figures 9 and 10). An adult population of 0. 78
hares/ha (200/sq mi) was assumed to be the pre-breeding population density.
The calculated realized annual natality in 1972 was 7. 79 young per female at the
beginning of the breeding season. The 1973 estimate of 6. 87 young per female
is lower, due mainly to increased adult mortality in that year, since potential
annual natality was comparable during the 2 years.

Post-natal sur vi val rates
Employing an approach similar to that used in the calculation of adull
survival rates, post-natal juvenile survival was estimated for the 1972 data from
North Fork. The spring 1972 population estimate for North Fork was approximately

Table 9.

1972

Calculation of realized annual natality in 1972 and i973, for snowshoe hares in Utaha
Pregnancy
rate

April

0.00

0.00

100

Females
breeding

Young
produced

0

0

May

0.94

3.19

83

78

249

June

1. 00

6.11

68

68

415

July

0.00

o.oo

56

0

0

August

0.50

5.00

46

23

115

2.44

----

--

--

779

Totals

1973

Average lltter
size

Females
alive

Month

April

0.00

0.00

100

0

0

May

0.95

3.94

77

73

288

June

1. 00

6.11

59

59

360

July

o.oo
o. 25

0.00

45

0

0

4.33

34

9

39

2.20

----

--

--

687

August
Totals

a A population density of 0. 78 hares/ ha (200/ sq mi), and a 1:1 sex ratio were used for the calculations.
l\lonthly survival rate in 1972 was 0.83; in 1973 survival was 0.77.

"".,
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28 hares, of which 14 were females (assuming a 1:1 sex ratio).

These females

would have produced 111 offspring by the end of the breeding season in August
(Table 10). The fall 1972 population on North Fork was 27 hares of which 18
were juveniles (67. 6 percent, see Figure 6). Thus juvenile, post-natal survival
was 16 percent from birth to November.

This rate is equivalent to a 0. 74 monthly

survival rate from 8 May, the average birth date of all juveniles in 1972, to
8 November, the date of the fall census.
Dolbeer (1972) calculated an average birth to December survival of
juveniles 49 percent in a stable population in the Rockies.

The monthly survival

rate of 0. 74 can be compared to analogous figures from Minnesota (Green and
Evans, 1940c) and Alberta (Meslow and Keith, 1968). The average juvenile survival in the Minnesota study ranged from 0. 75 to 0. 87 monthly, in declining years
of population numbers, and 0. 92 to 0. 99 in increasing years. In the Alberta study,
0. 69 to 0. 78 was the range of monthly survival rates in declining years compared
to 0. 87 in a year of population increase.

Habitat Utilization

Previous studies by Adams (1959), Bider (1961), and Keith (19 66 ) have
shown that snowshoe hares prefer habitat with a dense understory.

Bider (1961)

suggested that this behavior was an avoidance of deep snow and strong winds in
winter.

One-way analysis of variance of the fecal pellet counts used to estimate

habitat utilization in this study is presented in Table 11. Differences in the mean
number of pellets per plot in various habitats over both years were highly
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Table 10.

Month

Calculation of realized repn!ductive output of the North Fork snowshoe
hare ~J2ulation in 1972. a
Pregnancy
rate

Average litter
size

Females
alive

Females
breeding

Young
produced

April

0 .00

0.0

14

0

0

May

0.94

3.2

12

11

35
61

June

1. 00

6.1

10

10

July

0.00

0.0

8

0

0

August

0.50

5.0

7

3

15

Tota ls

2.44

111
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Table 11.

Analysis of variance of fecal pellet plot dataa

ss

Source

df

Habitat

2

139360.732

69680.356

Line/ H

9

18122.905

2013.656

I. 548

Station/L

108

77431.080

716.954

I. 081

Plot/S

120

48295.200

402.460

I. 026

Days

4

14593.225

3648 .306

3.965

DX H

8

27656.685

3457.086

3.501

DX L/H

36

35545.270

987.369

1. 582

DX S/L

432

269585.020

624.039

1. 591

DX P/S

480

188257. 800

392.204.

aTotal observations equals 1200.
***Significant at p < • 001.

MS

F

12.917***
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significantly different (p <. 001).

Figure 13 shows that the aspen habitat type was

significantly lower then either the lodgepole pine or spruce-fir types.
Dolbeer (1972) found that snowshoe hares in Colorado utilized the sprucefir and the mixed spruce-fir-lodgepole pine forests to a greater extent than aspen
types. Subjective observations in the present study of hares and tracks in the
winter indicated that the lower branches of the coniferous species were of importance for both food and shelter. In winter essentially no understory is present
in aspen habitat types due to the deep snow . A very low incidence of hare browsing on aspen was noted in casual observations.
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I
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Figure 13. Hare fecal pellet counts. Habitat means dotted with least
significant confidence intervals (sample size in parentheses;
p <. 05).
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DISCUSSION

Comparison of Natality Rates in North America

Regional comparison of snowshoe hare population ecology has received
much attention in the literature.

Table 12 is a compilation of the reproductive

characteristics of snowshoe hares over a wide geographic area.

The coverage

of the hares' range is fairly complete with the notable exceptions of the northeastern and northwestern United States.

No detailed reproduc tive data have been pub-

lished for populations of wild hares in these areas.

Breeding chronology
Onset of breeding varies considerably over the species' geographical range
being earliest in the middle range of latitudes (Figure 14).

The ecological fac tors

which shortens the breeding season in the far northern parts of the range are often
the lower temperatures and the time of snow-melt.
of growth of the vegetation.

These factors affect the time

The earliest recorded breeding dates are from Mon-

tana and Manitoba and the latest is from Colorado . Onset of breeding in Utah is
co mparable to the time of breeding recorded in Alaska.
Watson (1957) reviewed the variation in breeding chronology of other
lagomorphs with latitude.

He noted that the European hare (Lepus europeaus)

breeds almost continuously in southern Russia, but only in spring and early
summer in northern Russia.

He noted that the relationship is not so clear for the

Table 12 . Comparison of reproductl\'e parameters or snowshoe hares at various latitude s In North Amer1ca 3

R.f. b

Region and
latitude

1.

Colorado 39°

1969-70

2.

Utah 42°

1972-73

Yean

Conception dates/
Drat lltter group

~v. lltt!;;r sl7.o 0

Liltcl"s/adu.lt
female /year

Av. young/adult
!emale/year

Lntcr litter

30 Ap rtl-8 May

3.00 i: .11 (26)

~.76: .20 (36)

2.10

8.3

6.8

10 - 21 April

3. SG: .18 (32)

5. 91 t . 22 (~3)

2.32

11.4

7. 3

2. 83: ?(-1 8)

2.42

3,17! .15 (36)

2.35

-------

3.

Michigan 46°

1959-61

1- 15 April

4.

Minnesota 460

1932-38

4- 18 April

2. 40 t . 11 (45).

5.

Ontario 46°

1959-61

11- 17 April

2.35!: .OS (225)

3. 48 ~ . 0-1 (433)

----

6.3

6.

New Brunswick 46°

1967-70

5- 10 April

2.27 ± ? (1 24)

3. 02 t

2. 60

7.0

7.

Montana 48°

1953-5-1

24 March-7 April

-------

2.94

8.2

8.

Newfoundland 49°

195-1-60

3.20

12.2

9.

Manitoba so0

1!123-35

24 March-7 April

------

------2. 77!:

? (181)

? (15)

4.23:!: ? (164)

2. 52!: .OD (SG)

4.21 ! .12 (42)

6.8

10.

Alberta 540

1961-65

31 March-14 April

2. 71 t .13 (45)

4.. 49 ! . 15 (87)

3.15

12.8

Alberta 54°

1962-67

30 March-14 April

3. 00!

4.84!

3. 27

14.3

12.

Alaska 65°

1958-61

8- 22 April

1. 68

7.8

13.

Alaska 65°

1970-71

13- 24 April

2.20

10.2

?

-·----4. ~5 !

4.

?

6.3!: .so

5.43!

?

(8)

ment

6. 5

-

11.

8

Recrul~

Firat litter

5. 6

10.3

Con0dence Urn its represent!: S. E. Sample 1lzea In parenthesea.

bRererences: l, Dol beer (1972); 2. Present atuc.ty; 3. -5 . , 7. -10, 12. Kelth et al. (1966); 6. Wood (pera . comm. ): 11. Mea low and Keith (1968);
13 . Ernest (pers. comm.)
0
By embryo counts, except reference f5. which repreacnts corpor& lutca coWlta .
dRea.lized annual nata.Uty .
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Figure 14. Litters per female per year and onset of breeding for snowshoe
hares in North America (curves drawn by inspection).
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cottontail, but more restricted breeding seasons ar e somewhat the case in the
northern parts of its range. In New Zealand, Wodzicki and Darw in (1962) found
tha t onset and cessation of breeding in the European rabbit varied with latitude.
Major altitudinal effects on breeding c hronology have also been recorded.
Dunmire (1960) and Spencer and Steinhobb (1 968) have documented shorter reproductive seasons of Peromyscus at higher a ltitudes.

Wodzicki and Darwin (1962)

also found a shorter breeding season for the European rabbit at higher altitudes.
The effect of altitude on the onset of breeding is clearly shown by the two
studies on snowshoe hares from the Rocky Mountains.

Dolbeer (1972) studied

populations living at 3,100-3,415 m (10, 200-11,200 ft) which had first conception
dates later than any other recorded study. In the present Utah study (conducted at
2230-2488 m), onset of breeding was mor e s imil ar to regions much further north.
The effect of a later onset of breeding in snowshoe bares is to reduce the
total length of the breeding season. Thi s ultim ate ly affects the number of litters
produced in a season, which, among other factors , affects total productivity of
yo ung . In snowshoe hares there is a distinct peak in the average number of litters
produced at the latitudes where the onset of breeding is earliest (see Figure 14).
Commensurately, the maximum number of litters is four in the central parts of
the snowshoe hare's range in Mi chigan, Newfoundland, Manitoba, and Alberta,
but only three in regions of redu ced breeding seasons s uch as the Rocky Mountains
and Alaska.

Litter size
Inc r eas ing litte r size with latitude has been noted in many mammalian
spec ies.

Lord (1 960) reviewed the data for many species of mammals and
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co nc luded that litter size increased with latitude for non-hibernating species of
mammals.

Barkalow (1962) presented a more detailed analysis for cottontails and

found that litter size was larger in the north.

French et al., (1965) presented data

that suggest this relationship for the black-tailed jackrabbit. Smith and McGinnis
(1968) concluded that litter size in all species of Peromyscus combined was correlated directly with latitude.
Keith eta! .• ~1966) have made the most detailed ana lysis of litter size
and latitude for the snowshoe hare.

L ater- litter size based on embryo counts,

was significantly co rrelated with latitude. The authors concluded that this was
really a reflection of increased ovulation rates.

Figure 15 is a plot of the later-

litter size data from Table 12 versus latitude. The relationship expressed by
Keith is clearly shown with the exception of the points from the Ro cky Mountains.
Zejda (1966) suggests that the actual climate and its effect on the length of
the breeding season is more important than latitude in determining litter size for
Clethrionomys. The Rocky Mountain populations of snowshoe hares are subjected
to climatic conditions more similar to higher latitudes because of the effect of altitude . Thus the observed mean litter sizes might fit the litter size and latitude
relationship more closely if not modified by major altitudinal differences . However, Keith et al., (1966) also noted a maximum litter size of nine for Alberta
hares and suggested that these populations have a genetic capability to produce
larger litters than in other parts of the range.

They proposed that a smaller

average litter size implies that the animals are generally less well adapted to
their environment than those in regions with larger average lttter size.

The situ-

ation is apparently more complicated than that since litters of eight were common
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Figure 15. Potential natality and later litter size for snowshoe hares in
various regions of North America (curves drawn by inspection).
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in the present study and one litter of nine was recorded.

This implies a similar

genetic capability of Utah and Alberta snowshoe hares.

Annual reproductive output
Potential natality , or total production of young, is ultimately the most
important variable in determining the reproductive rate of a population. Lord
(1960) originally advanced the theory that increased litter size is directly related
to the mortality sustained by the species. Since there should be a balance between
reproduction and mortality over time, total production should also be correlated
with latitude if larger litters are characteristic of areas of higher mortality.
Figure 15 includes a graph of total production and latitude. It indicates that potential natality does not increase northward. Keith eta!., (1966) have shown the
same relationship for snowshoe hares.
Part of the difficulty in interpreting the trend in litter size is due to the
assumption that litter size and production are correlated.

Smith and McGinnis

(1968) pointed out that other important factors may influence the reproductive
rate of a population including: (l) time needed to reach sexual maturity; (2) prevalence of pregnancy during the breeding season; (3) average length of life; and
(4) length of the breeding season. In snowshoes, pregnancy rates are similar
throughout the range and females do not breed until their second spring (Keith
and Me slow, 1967). These considerations point to the length of the breeding
season as the important factor in determining average litter size (Smith and
McGinnis, 1968).
Smith and McGinnis (1968) considered the length of the breeding season to
be a critical fa ctor in determining litter size only when it limits the number
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of young produced in one season.

Spencer and Steinhoff (1968) have concisely

stated:
The shorter seasons of mare northern latitudes and higher
altitudes limits the number of times an animal resident in those
areas is able to reproduce in its lifetime compared to its relatives
in lower or more southern regions. It therefore becomes advantageous for an animal to invest its energies in a few, large, early
litters even though doing so reduces its life expectancy and total
reproductive contribution below the maximum achievable by many
small litters.
Variation in realized annual natality is difficult to asses for snowshoe
hares because only a few studies have calculated this parameter (see Table 12).
Realized natality in Utah was 7. 3 young per female, which was 64 percent of the
potential rate.

The realized natality of the Rocky Mountain areas is lower then

the rate observed in Alberta, hut higher than the realized natality in Newfoundland.
Recruitment in the Rockies is at least equivalent to some areas of the species'
range where more dramatic fluctuations in numbers are common.

Population Stability

Based on 2 years of data, little can be said about long-term population
trends.

However, some speculation and possible alternatives may be in order .

Given the hypothetical situation in which all juveniles survive to the fall, the fall
1972 population of North Fork, would have been 140 hares and the fall, 1973
population would have been 133 hares.

Meslow and Keith (1968) concluded that

c hanges in juvenile and adult survival are important population determinants in
cyclic populations.

Certainly dramatic drops in real survival rates in 1973

could have reduced the hypothetical fall density. If by contrast survival rate s
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remained fairly constant as Doll>eer (1972) found in stable populations in Colorado,
the hypothetical fall 1973 density would have been similar to the 1972 density.
This latter alternative is more likely for Utah, which is similar to Colorado in
other aspects of hare biology.
Howell (192 3 ), Chitty and Elton (1937) and Chitty (1950) have noted the
relative stability of snowshoe hares in the western mountain region of the snowshoe hare's range.

These authors have pointed to the relative discontinuity of

the habitat as a possible factor limiting widespread, large scale, fluctuations.
The data on habitat utilization from the present study ce rtainly suggest that
possibility .

The insular nature of the preferred coniferous habitat could in

effect dampen any widespread increases in number of hares (Figure 16).
Relative stability of the Utah populations may be seen when the results
are compared to the continuing studies of snowshoe hares in Alberta by Keith a nd
his associates (see Meslow and Keith, 1968 for data).

The potential annual

natality in Utah averaged 11.4 young per female over the two years.

Keith found

a low of 7. 8 young per female in year when the population was declining and a
high of 17.9 in a year of recovery.

Their 8-year average was 14.3 yo ung per

female which is greater than the same parameter in Utah. In addition, realized
annua l natality is somewhat greater in Alberta than in Utah.

Keith found an

average of 10. 3 young per female (range 5. 5-15. 0) to be recruited into the population each year . In Utah the same parameter was only 7.3 yo ung per female.
Both adult and juvenile survival are less in Utah than Alberta.

Adult

survival rates were only 4 to 10 percent annually in utah while in Alberta the
rates were 13 to 22 percent even in declining years.

Only a single estimate of
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Figure Hi. Snowshoe hare habitat in Cache Natinnal Forest, Utah.
discontinuity of the coniferous and aspen habitat types.

Note the

6&

post-natal, juvenile survival was obta ined in the present study.

The rate was

0. 74 on a monthly basis. In Alberta, comparable rates were observed during
declining years (0. 69-0. 78), compared to a m uch greater survival rate in recovery
years (0. 8 7) .
The overall pattern of snowshoe hare demographi c s in Utah is therefore
one of lower reproductive output and greater mortality when compared with the
Alberta studies.

While no data are available on the changes in demographi c

parameters over time in Utah, the reduced rates of reproduction and survival
would dampen any large fluctuation s in population numbers.

Recommenda tions for Management

Present status of
snowshoe hares
in utah
At present, the snowshoe hare is classified as an unprotected species in
Utah.

No seasons, bag limits or other harvest controls are presently in effect

for snowshoe hares .

The Division of Wildlife Resources has been considering

reclassi fi cation of these hares as a protected spec ies with appropriate seasons
and bag limits.

However, until now the basic biological data needed for manage-

ment have been unavailable .

Potential status of snowshoe
hares and a management plan
The density of snowshoe hares in the forested mountain a r eas of Utah is
quite comparable to other parts of the species' range where the hare is an important game animal.

The spruce-fir forest type supports densities of between
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0. 78 and 0. 98 hares per hectare. Densities ofO . 49-0. 59 hares per hectare are found
in lodgepole pine habitats.

Habitat utilization data suggest that aspen forest types

support far fewer hares than the coniferous habitats.

The discontinuous nature of

the preferred habitat probably has some effect on the total number of hares residing in an area since few areas in Utah possess large continuous blocks of good
hare habitat.

The distribution of huntable populations therefore , may be somewhat

spotty over the state.
On a typical 40 ha (100 acre) area of good spruce-fir habitat, there may
be about 30 adult hares in the spring.

These hares will produce 7. 3 young per

female during the ensuing breeding season or about 110 juvenile hares by the end
of the summer. In order for the population to remain stable, only 25 of the 110
juveniles (23 percent) must survive until the following spring. If only 50 of the
85 "surplus" hares were removed each fall by hunters, the potential for total
harvest in Utah forests is considerable.
An appropriate management plan of snowshoe ha res in Utah should include
a season starting concurrent with the present fore s t grouse season since this puts
hunters into the best hare habitats. Bag limits could be set low enough to insure
some buffer against depletion of local populatio ns.
Initially, the most important management undertaking would be publicizing the snowshoe hare's excellence as a game animal and table fare.

Presently

snowshoe hares are a under-harvested spec ies in this state .
Future hare management will be de pe ndent upon good land management
practices with particular regard to land development and grazing of livestock.
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Destruction of hare habitat, including destruction of the understory through heavy
grazing of livestock could have an important influence on future hare numbers in
Utah. Since much of the prime hare habitat is on land presently controlled by
Federal land-managing agencies, the potential of the snowshoe hare as a game
resource in the future in Utah is good.
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SUMMARY AND CONCLUSIONS

This paper presents information obtained from 1972 and 1973 on the reproductive biology and population density of snowshoe hares in Cache National
Forest, northeastern Utah.

The main objectives of the study were: (1) to esti-

mate population densities; (2) to estimate adult and juvenile survival rates;
a nd (3) to measure natality rates, including recruitment (realized annual natality).
The results of this study were compared to other studies of snowshoe hare
ecology in North America.
Two study areas, ranging in size from 36 to 54 ha, and located within an
8 km area we re used for live-trapping and tagging hares.

Live-trawing was

conducted for 10-12 day periods in spring and fall to estimate pre- and. postbreeding season density of adult hares.

The 36 ha North Fork study area was

trapped most intensively, with a grid containing 42 traps.
Capture frequencies proved to be non-random, and fit a geometric distribution.

Therefore a regression estimator was used to calculate all population

estimates.

Schnabel estimates were presented for comparison.

Adult hares were collected by snaring during the breeding season (approximately April-August) from areas within 16 km of the main study areas.

Ovulation

rates were estimated using corpora Jutea counts. Litter sizes and breeding
chronology were determined by counting and aging fetuses.
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A collection of 37 hares was made in November, 1972 to gain age structure information for that year.

Weights of eye lenses were used to separate

adul t and young-of-the-year hares.
Hare densities on the North Fork study area ranged from 0. 77 hares / ha
(197. 1/sq mi) to 1. 00 hares/ha (256. 0/sq mi) in April 1972 and April 1973
respectively.

Density remained stable from April 1972 through June 1973 .

South Sinks area, with poorer habitat, had 0.22 hares/ ha (13 3 .0 hares/sq mi)
in October, 1972.
Average first conception dates were 10 April in 1972 and 21 April in 1973.
Onset of breeding appeared to be related to spring weather conditions . First litter conception dates were similar to areas at much higher latitudes.
Pregnancy rates were high during first and second litters but dropped
cons iderably during third litters.

An average of 2.44 litters per fema le were

produced in 1972 while on ly 2. 20 litters per female were produced in 1973.

The

lower litter production was probably related to the later onset of breeding in 1973.
Breeding was highly synchronized in both years.
The average ovulation rate for first litter groups (3. 97 ova per female)
was significantly lower (P < . 001) than the average ovulation rate for later litters
(6 . 49 ova per female).
nificant .

Variations in ovulation rates among years were not sig-

Corpora lutea counts for later litters were significantly correlated

2

(r = 0. 55, p < . 01) with maternal body we ights.
Pre-implantation mortality (6. 2-7. 1 percent of ova shed) were higher than
post-implantation loss es (1. 6-3.8 percent of implanted fetuses) in both years.
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Total prenatal mortality ranged from 7. 7-10. 7 percent with the two-year
average being 9. 4 percent.
Estimates of litter size followed the same pattern as ovulation rates.
First litters (3. 56 fetuses per female) were significantly smaller (P < . 001)
than subsequent litters (5.. 91 fetuses per female).

Variations in litter size among

years were not s ignificant.
Potential annual natality of snowshoe hares in Utah is comparable to
regions of higber latitude. Average young per female per year ranged from
11. 61 in 1972 to 11. 11 in 1973.
Adult mortality during the breeding season reduced reproductive output
to a realized annual natality that was 64 percent of the potential.
surviva) was 0. 83 in 1972 and 0. 77 i:n 1973.

Adult monthly

These rates are considerably

lower than rates from most other regions of the hares range.

Annual realized

natality (recruitme nt) averaged 7. 3 young per female per year for the two years.
Fecal pellet counts showed that hares had a definite preference for coniferous habitats.
types.

Use of aspen types was significantly lower (p < . 05) than pine or fir

The discontinuous nature of the preferred habitat may be an important

factor in maintaining relatively stable densities in this part of the hares range.
Natality rates of Rocky Mountain snowsho e hares are comparable to other
parts of the hares' range.

Hares from Utah have the ability to produce large

litters and maintain high reproductive output that is comparable to areas much
further north.

This factor suggests that mortality and dispersal may be the most

important factors in determining long-term demographics of Utah snowshoe hares.

Based on the densities, survival, and the reproductive output observed,
recommendations were made for the management of snowshoe hares in Utah .
An appropriate management plan would include a season starting at the same
time as forest grouse, and a daily bag limit of five hares.
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